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the present disclosure relates to integrated circuits, and, nore
particularly, to SO sem conductor devices conprising sem conductor

el ements, such as substrate diodes, that are forned in the crystalline
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fabrication of i nt egrABEVE AYUBSTRATEWINDTREARIREr of circuit

el enents, such as transistors and the like, to be forned on a given chip
area according to a specified circuit layout. Generall y],c a pl ur?I ity of
rocess technol ogi es are Lentl racticed wherein, for conplex
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ific,1Cs) and the |ike, VOS technol ogy is one o _

Zgre)floacﬁé‘s dL\, 1:2@@@ VY acteristics in vi ew of operating speed
and/ or power consunption and/or cost efficiency. Duri ng t he fabrication of
conpl ex i nt egFaR@allGi theuinresensidigglames relechntl dgipgramid kirowis, ofnd, more

conpl ementary transistors, Le., N-channel transistors and P-channel

transi st prrsgulae hdiGlestrabaviacar slotists @ingpisng shibehdRcHE ¥RhRhisl B&h as

sem conductor 20 |layer. A MOS transistor, irrespective of whether an

N- channe$ubstrap dicsleQthQhréfoRneNaNAE l:ry’étraﬁﬂé'rﬁét%al 0P t}%%ﬂgéth red, conprises
so-called PN junctions that are forfmed by an interface of highly doped
drain and source regions with an inversely or weakly doped channel region
di sposed between the drain region and the source region. The conductivity
of t c?anne -YoIMals NN ~Lhe driye current capability of the conductive
channel ,™i s ? ~8ge fornmed above the channel
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circuits requires a large number of circuit elements,

such as transistors and the like, to be formed on a given chip area according to a specified
circuit layout. Generally, a plurality of process technologies are currently practiced,
wherein, for complex circuitry, such as microprocessors, storage chips, ASICs (application
15 specific ICs) and the like, CMOS technology is one of the most promising approaches due
to the superior characteristics in view of operating speed and/or power consumption and/or
cost efficiency. During the fabrication of complex integrated circuits using CMOS
technology, millions of complementary transistors, ie., N-channel transistors and P-
channel transistors, are formed above a substrate including a crystalline semiconductor
20 layer. A MOS transistor, irrespective of whether an N-channel transistor or a P-channel
transistor is considered, comprises so-called PN junctions that are formed by an interface
of highly doped drain and source regions with an inversely or weakly doped channel
region disposed between the drain region and the source region. The conductivity of the
channel region, i.e., the drive current capability of the conductive channel, is controlled by
25 a gate electrode formed above the channel region and separated therefrom by a thin

insulating layer. The conductivity of the channel region, upon formation of a conductive



insul ating |layer. The conductivity of the channel region, upon formation of
a conductive channel due to the application of an appropriate control
voltage to the gate el ectrode, depends on, anong other things, the distance
bet ween the source and drain regions, which is also referred to as channel

| ength. Therefore, reducing the feature sizes and, in particular, the gate
| engt h ofhame! dug|tel tes penlicatiorant iaatappsophias teenl anltigepor thantatd elstignle,
criterion. In view of further enhancing perfornmance of transistors,
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silicon-on-insulator) architecture has been continuously gaining in

i mpor t ange afser ref@dl RChUChaGe MRt ANBlSL@FS HUL; heLr, ragteristics
of a reduced parasitic capacitangg{oPﬁFﬁﬂgﬁﬁIgﬂﬁg%?g%sghﬁﬁigggéE§ﬁ1gaﬁng

hi gher switiehiaF : 2d | [ i.stors. In SOL transistors,
t he seni?%%%E%?gﬁéﬁggggﬁgﬁﬁﬁa&ﬁi%ﬁaﬁﬁgmgP%PﬁagﬁdngJﬁ?gémr5@¥Bﬁgga§“%blI as
t he q@an&%girggion are located, also referred to as the body, is
dielectrlcany'encapsulated. This configuration provides significant

advant ages, but also gives rise to a plurality of issues. 15 For
exanpl e, sem conductor elenents, such as diodes and the |like, may have to
be inplemented in the substrate material due to certain device

requi renent s, It Wervelyy msbessilnatinggd femntarenat i@nsiabrsappraditioat ® aheas in
whi ch the substrate material has to be exposed. Any such area may be
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semiconductor region, in which the drain and source regions as well as the channel region
are located, also referred to as the body, is dielectrically encapsulated. This configuration
provides significant advantages, but also gives rise to a plurality of issues.
15
For example, semiconductor elements, such as diodes and the like, may have to be
implemented in the substrate material due to certain device requirements, thereby
necessitating the formation of appropriate areas in which the substrate material has to be
exposed. Any such area may be referred to as a substrate window and may affect the
20 further processing due to a pronounced surface topography. For example, one important
issue in high performance devices, such as microprocessors and the like, is an efficient
device internal temperature management due to the significant heat generation of the
transistors. Due to the reduced heat dissipation capability of SOI devices caused by the

buried insulating layer, the corresponding sensing of the momentary temperature in SOI

25 devices is of particular importance. Typically, for thermal sensing applications, an



appropriate diode structure may be used wherein the characteristic of the
diode tnay permt information to be obtained on the thermal conditions in
the vicinity or the diode structure. The sensitivity and the accuracy of
the respective neasurenent data obtained on the basis of the diode
structure may significantly depend on the diode characteristic, Le., on the
di ode' s eprpeit¢ dolde agectehanacheused tiheraivhihe bharayterttejpexitheatiodenpepatiir € and
ot her paraneters. For thermal sensing applications, it may, therefore,
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exanpl e, Y% LW BEFRL 5 LIMER Hht oHUYET smigeriueies laysipadsiongomiag dhestinect
25transi§tor s, the gate | ength has reached val ues of approxinmately 40 am
and | esdhe fraRsigpclements r dhus. g lqsacsamepaddaivanl yroeass sebs mapbevegliing, Super i or
performance of the individual transistors. Simlarly, the wiring network,
Le., theénsiaical for zeehirgnthsyghehe semizondichatliyen onk tchrragpoaipp apntiatselagient act

| evel, has to be appropriately adapted to the increased packing density in
the deviace drevehkough heoparisd igalRihgSedrGe S e exPe% (68 SrystlElebs@]is O
requiring 5 contact elenents and netal features of rediuced |atera
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metal lization | evels may have to be reduce as to correspon

reduced i: eDurjng t fabricatio f contact |levels, Le.,
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Although providing substrate diodes in sophisticated SOI semiconductor devices is

20 a promising approach for obtaining reliable temperature data during the operation of the
semiconductor device, conventional approaches for forming substrate diodes may result in
significant yield losses and, thus, loss of performance in the corresponding substrate
window due to the continuous shrinkage of device features, such as transistors, lines and

the like. For example, in sophisticated semiconductor devices comprising field effect

25 transistors, the gate length has reached values of approximately 40 nm and less, thereby
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10 fabrication of the netallization layers of the conplex netallization
system a plurality of very conplex processes, such as |ithography .
processes, deposition and patterning processes, have to be applied, which
may be very sensitive to the overall surface topography of the _ _
sem conductor device at a specific manufacturing stage under_cpn5|derat|on.
I n parti@ﬂﬁ%ﬁF@aﬁ%*ﬁﬁiéW$&yEméWﬂvamﬂpmbn@§sg$umqsﬂﬁnnaua @othesintlividual ocess
15have been identified to cause significant irregularities when form ng
contact &hesigintss Sindlantet el Wizmbi @iy 6.5 theagewilizhtibhe spese ik Bedbinhismpr e
detail with reference to Figure 1. Figure 1 schematically illustrates
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to 25provide any circuit elements in the device area 110A within the
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area 110A may al so be referred to as a substrate wi ndow and is frequently

used f orthenlidlesrdn tiangiahapl the abirtsponding ubshstatenhioBesed BRrdin AN AROVeE t he
crystalline substrate material 202 within the device area 110A. On the

ot her handﬂmﬁcdmmhﬁamﬁﬁeﬁ?ﬂ%p%&nﬁﬁﬁwmﬁ&ﬂéw&PQm§§ﬁiQﬁﬁgMﬁf%ﬁ%hﬁ%ﬁr &%4’ in
and above 5 which circuit elenents are forned, such as ‘sophisticated

_ rouit el em d, ‘such as "sophi st dafed
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sophi st ed applications, the transistor 160 nmay conprise a gate,
el gct rod‘fe;e t?oﬁnc@%? PPET Iy B JHO8IAPER gPIeCEsesa piieRitipat &1dy pateraweand

| ess. processes, have to be applied, which may be very sensitive to the overall surface
topography of the semiconductor device at a specific manufacturing stage under
consideration. In particular, any material removal processes based on a polishing process

15 have been identified to cause significant irregularities when forming contact elements and

metallization layers, as will be described in more detail with reference to Figure 1.

Figure 1 schematically illustrates a cross-sectional view of a semiconductor device

100, which represents an SOI device, since the device 100 comprises a substrate 101, a

20 buried insulating layer 103 and a silicon-based semiconductor layer 104, The substrate
101 may represent a silicon substrate and, thus, comprises a crystalline substrate material

102, above which is formed the buried insulating layer 103, which is typically comprised

of silicon dioxide. As illustrated, in a certain device area 110A the buried insulating
material 103 and the semiconductor layer 104 are at least partially removed in order to

25  provide any circuit elements in the device area 110A within the crystalline substrate




10 Furthernore, the transistor 160 conprises drain and source regions 162,
wherein at | east deeper areas thereof have substantially the sane
configuration, i.e., dopant concentration, as highly doped regions 152 of

t he substrate di ode 150, wherein, however, the doped regions 152 are forned
W thin an appropriately doped well region 102Wprovided in the crystalline
subst r at eatpiaki 02l A3 @eweushi indicheddeéeideeicanea 1108AnayShisd bardired 06 a
substrate 15 di odes 150 nay further conprise highly doped areas 153, which
have a sutistrate viotdw @ud & froqueasy aByd ﬂﬁ'dﬂn@leﬁféﬂtiﬁ%@rp%ﬁ'alﬁt?gjfc&(]@su%fe dibaasi stor
el ements of inverse conductivity type conpared to the transistor 160. For
conveni ensiein AabdWE bhel &rgfisiiat AhikualEmMefial Joh %&Hﬁﬁ&lﬁf‘déh iceFAr?au ! fod Nohhe
exanpl e shown, the transistor 160 nay represent an channe ransi’stor

and, thu i g ! r.egi 162 and t he high dope 20
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int 1. region 102W the regiopns 152 may represent the cathode of the
subspfarghﬁngggﬁi%BﬁnEﬁ“?E%Hﬁgh%%ﬂﬁéﬁﬂﬁnﬁﬁéﬁﬁﬁaﬁﬁﬁamﬁﬁéﬁ@%BMQEQWWHy forma
PN junction 102P with the N-type well region 102Wand may, thus, act as
anodes ‘FWE@§WB§¥ﬁéﬂ@kﬂﬁ%ﬁé%”E@Emﬂ%®¢%§VQW$E&§th%mgtkated, in view of
reduci ng contact resistivity of the circuit elenents 160 and 150, netal

sui cide regions 164 and 151, respectively, may be provided in the highly
doped regions 162, 152, 153, for instance in the formof nickel suicide

and the |ike.AFtiscisadchaidee sindephibti@tddipliedions tﬂ@@ans@&mdldor]ﬁa)ﬁ{@xgﬁis%i de,
Le., the region 153, in each substrate diode 150 are separated by a portion

of [Lhe vebiicradion. 102Waboye niftheh parti _o@faamﬁm%e&gf@ab@sgidafeii%gD! ayer

103 and the semi conductor |ayer 1 re provided, as in d-as
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as a gate dielectric nmaterial,” a
and the Jike, na the portigns 104D. It should further be

€ debks %gegowm%QUWﬁ 104l oY
appr eci a e tharepidiane subsiadally figesamsreonEaaration bensppin speesanstion
insulating.tnaterial, i.e., the residues of isolation structures that are
typi cal W%@ﬂ}%é@p% regenss bR eberusthstateadiede 180 wherandboweer) titatpbd y
del neatrggions 152 are formed within an appropriately doped well region 102W provided in the
crystalline substrate material 102 within the device area 110A. Similarly, the substrate
15 diodes 150 may further comprise highly doped areas 153, which have a similar
configuration as any drain and source regions of transistor elements of inverse
conductivity type compared to the transistor 160. For convenience, any such transistors
are not illustrated in Figure 1. In the example shown, the transistor 160 may represent an
N-channel transistor and, thus, the drain and source regions 162 and the highly doped
20 regions 152 represent N-doped regions. In combination with an N-type doping in the well
region 102W, the regions 152 may represent the cathode of the substrate diodes 150. On
the other hand, the P-doped regions 153 may form a PN junction 102P with the N-type
well region 102W and may, thus, act as anodes of the substrate diodes 150. Moreover, as

illustrated, in view of reducing contact resistivity of the circuit elements 160 and 150,

25 metal silicide regions 164 and 151, respectively, may be provided in the highly doped



10 correspondi ng active regions or sem conductor regions, in and above
which are forned circuit elenments, such as the transistor 160 and the |ike.
For conveni ence, any such isolation structures are not shown in Figure 1.
Above the device level, i.e., the sem conductor |ayer 104 and any circuit
el ements fornmed therein and thereabove, such as the transistor 160, and
above t h&egsUsstoral &.dbsdes insBOocanintthd formhe’ mekel siticide @ad hikQke. The EXhe@Nt act
| evel 120 is provided, which may be considered as an interlace for
connect i siget e, heregibh 162, emENhS adfl, sidedDe WittdvediolBI53] il &dk is@Bknaksdism  of
which a very first netallization |ayer 130 is 1llustrated, for convenience.
"t he con$@sgke skeueled bheQ rde I r - | ri.c
materials, suc hﬁaells a ayﬁggm&dlmﬁezwggﬁcﬁgnna{@gﬁ a&i\ﬁé h\gg?lg&:l gé/@? ggl%ﬁ%%%l\lﬁdded,
for inst ol f.stlicon nitri and si]icon dioxide,
respect i ooyt BytAga HH S el iR b o B0 bt oy BoR L LB act
el ement s A~123B that connect to the doped sem conductor regions 152,
153% t}mde‘a)gneD é’H‘g‘nénod‘ 5 NERAPeEsH éBﬁ’iﬁ%‘g’t yldittugl Brkeriols. swd Py ente104,
such as éh@ drain aqd source regions 162, on the other hand. The contact
el enent sUIPPSALC maigpaly pinelseignsle dateral, Uk as pelysibtomnyd dispilepmiante fommduct i ve
material, such as tungsten, alum numand the |ike, possibly in conbination
Wi th 25aB9rephd artoesoHYEbt i sl ubhfrther bavetpeediatbd thas tie hthascdses, v pomidist 1 i de,
titanium and the |ike. The netal lization |ayer 130 conprises any
appr opr i H4® giag rgotsencamimt@ntiag) maerigg €1 ihalissided R isdftibR ke el Lk C
materials, which are to be understood as dielectric materials having a
di el ect rtypicalonsfoambd ofn 3p o ompi nat i Wt o] r

G o 1 houny el 1o By BRS¢ nor e

materials, such as etch stop |layers (not shown) an

nmetaly i ] i1ded ] dielectri.c terial ., 131 sqQ as to
conﬁgct c{ta)gl%ﬁé%ﬁggn%’rzﬁ? Hé@ éfrlrsgﬁlt Ssénilﬁ 1\9\,1%% ATHCEh e 48 iaﬁ%veawalﬁ PIOKRA; | e
metal |inpes. 1338 connegt te t he cont %ﬁt el ement s 123B in the device area
110B. THECHEt AFNF e dich s ahe iapisior d 6D andc el ke o FpF ice@iensnes gpwesuch

conbi nat.i cin,wi th appropriate conductive barrier materials, such as

t ant al ur§Ola%R SHEFES ndte r ideshemar ithd'igirkel. Above The dseivt clondudigrthdevi ce
100 as illustrate in Figure 1 may be fornmed on the basis of the follow ng
process ssmicndystor ibier W dndraagiconuil O2MEafs fohreedcihysimhdd theresbiis! §ahas
material 102 within the device area 110A may be fornmed at any appropriate

manuf actt tmgsidbr $6@ged dbove.the Wi NafcodiBHARI 1 SPWBEPHRAIRLAGEL Y§oLEQi ONsS in
t he sem conductor |ayer 104 by perform ng masked inplantation processes. To

t hi $5endontacticgdh 12098 ?M)Vid@ﬁ] @ﬁ‘ikﬁtrﬂ' rbepd’oﬂﬁiﬁt%l%di% aﬁgﬁt{;ﬁg{c@%r .ﬁ%ﬁ&ﬁ@%ﬁt the

wel | dopant species of the region 102Wt hrough t ayers an¢ 103 and
| nto tNeueLY SEAlh S LI AL IR AL 0% LN LieT GaRes, Lhe substrate
wi ndow I110A may be &o?m&d flt;ﬂras'%j’g%yz%{rl%rblsy&?eﬁ% Oﬁw%{f)lb%/ﬁlryi PeMstadaHER_ K so as
layer 130 is illustrated, for convenience. The contact level 120 comprises one or more
appropriate dielectric materials, such as a layer 121 in combination with a layer 122
provided, for instance, in the form of silicon nitride and silicon dioxide, respectively.
20 Additionally, the contact level 120 comprises contact elements 123A, 123B that connect to
the doped semiconductor regions 152, 153 on the one hand and to doped semiconductor
regions in the layer 104, such as the drain and source regions 162, on the other hand. The
contact elements 123A, 123B are provided in the form of any appropriate conductive
material, such as tungsten, aluminum and the like, possibly in combination with

25 appropriate conductive barrier materials, such as titanium nitride, titanium and the like.



20 to etch through the layers 104, 103, thereby exposing portions of the
substrate material 102 within the device area 110A, while preserving the
portions 104D, 103D. In other cases, a corresponding etch process for
exposing portions of the material 102 within the area 110A may be perforned
after formng correspondi ng gate el ectrode structures, such as the gate

el ectrode structure 161 of the transistor 160. Thereafter, any appropriate
25processes are perfornmed so as to conplete the transistor 160, thereby
performng aphe apethiz@idiTRlyant 130 6HmPHiRS efSesyfridOTmIagit he.drai 5 and
source regions 162 of N-type and P-type transistors, thereby also applying
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any p or “act |

153 of the substrate diodes 150. Arter annea r oCesses vat i ng
dopant s J€.e- I .1zi.ng i nmplant ation-induced damage, while al so
initiati ﬁ‘%%laﬁo%%ﬁ i 4‘#%%@%&05{??%(18&% ptd J558 Resabag os; H&kr@g’i ¥R 164,

151 y be, co nly formed in the transistor 160 and the substrate diodes
150. rgamn%léﬁi’tféﬁ?‘?)‘;‘ﬁh Pnglcl is}oédia?(e"él(@ﬂ‘eﬁ“toé"ni@éd dbfa 50 Feherpere.onptellings t he
basis of substantially the sanme process sequence, thereby providing a very
ef fi ci entBvaKraIPVigahiT Betdigleade maswuiaMipl g0 ahowennaest ta tlsi gmitddt ekntents
difference in height |evel between the device area 110A and 110B is

gener at etk3A oititinethp devicuarce tll GurdlatemtaphgrdphY comesed thy cddis cnfchgr ence
in height levels, in turn, may result in significant irregularities in the
further [3Gcassiengviob didiel W/ The Wlal TRAUIBA, 139 RISPREI LHY ﬁé&g of
dielectric material or materials of the contact level, a certaPn egree of
hei ght didsher gn Sttt isti.he srhe device .areas, 110A, . 110B. That
ety piaarry AR M TR S B PR B IS
depqgi t &d, QRiat B qﬁhﬁhgﬁmplasna 15 enhanced chem cal vapor deposition
(CV%) tec%nlques aving a nore or less conformal deposition behavior.
Thereafter, the material 122, for instance in the formof silicon dioxide,
is deposited, for instance, by a deposition technique of superior gap
filling capability, for instance high density plasm CVD, sub-atnospheric
CVD, ther eby BProgmisangueiordavicsi i OchsgHasratsf in| Fegert il mopybieet foereed diehedreias 110A,
110B, wherein, however, a 20 certain global difference in height |evel my
still exifsthe feNemingfprpesss atratepg allye addi depionalo2polof Shé BEsRIIQGESERGatk O

i nproving the overall surface topography. After providing the dielectric

mat er i almdt@?al 199PAihkst ineabeide hich NOORGRAYLIIAREES S bt er to
form an appropriate etch na%ﬁ? for in%?ange In th%aﬁggﬁgg%hgﬁﬁggwﬁhgsk, a
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ani sotropic etch sequence tor etching through
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conduct ip¥()e<:egsa }Sepreirf%lrrhed to implant the well dopant species of the region 102W through the
layers 104 and 103 and into the crystalline substrate material 102. In other cases, the
substrate window 110A may be formed first by providing an appropriate etch mask so as
20 to etch through the layers 104, 103, thereby exposing portions of the substrate material
102 within the device area 110A, while preserving the portions 104D, 103D. In other
cases, a corresponding etch process for exposing portions of the material 102 within the
area 110A may be performed after forming corresponding gate electrode structures, such

as the gate electrode structure 161 of the transistor 160. Thereafter, any appropriate

25 processes are performed so as to complete the transistor 160, thereby performing



possi bly in conbination with a conductive barrier material, and any excess
material thereof is renmoved by chem cal nechanical polishing (CW), wherein
process paraneters have to be adapted so as to also reliably renove any
metal residues Mthe device area 110A having the reduced gl obal height

| evel . In device generations including transistor elenents of approximately
60 ni n gappopraigirhplantaton pesgoexdion roiifd e drube andsdveiegbliohe Vel of Msype

i ndi cated by 11011, has been taken into consideration by providing the

di el ect riuel Faygs iradsisl@?, witeby ianer®psad, AhhGHaReSs 80s88e LQiBENE! Blhhot ake
advant age of the non-confornmal deposition behavior, possibly in conbination

W th they i f egct,of 3 . il e f[enmoval of any
excess ngfgﬁgg"q%¥%§Hggggﬁ#ggfggﬁgnéﬁpgéﬁ@giﬁﬂﬁggﬂeﬁéé&bééﬁﬂp%P?%Fﬁ@d on
t he basi s, ac aranpeters in which. a high degree of "dishing” is
achievedEO?%%.§Q§%§ﬁ%§P’6g%@§ﬁ89%r&8ﬁﬁﬁ@¥ﬁﬁ18&WHQ¥ 8”?@“?Hémﬁwgﬁégﬁkic

materdal .122..1n t t he excess netal of the contact |evel may be

| | his manper, th X of )
removed ¢ TEHYHE § dPP%C\}ﬁ‘i‘SPﬁrh i fsrgdvine anopl ssilicidomeioni 4, 1however, may
result in a height |evel difference 110H of 15 approximately 60 nu and
even nor@mppRlydarped in thdrapgistar 160G and B dubstente d®ded §5G.0Coretqhantiteposi ti ng
the dielectric material 131 based on any appropriate process strategy,
f ol | owedcitppittefranqras t @ mridniOofiast breformtdon ale bhdd obasstnanllspRiEt beatLd
| it hography techni ques. Next, any appropriate conductive barrier materi al

(not shownperics, Wepbs pteaddling @hvbigwetkim ovhalldeRsichirRB Rfw, Wileagdwak, bi | |

material, such as copper and the |ike. Thereafter, any excess 20 nateri al

i s r enovgghi By RRTORIdeah ﬁei@gf@@?ﬂib%ﬁ\?eie e &G AUES) Séﬁ(&lvh\} @ ig'g’g’%éth r eby

al so requiring the renoval e conductive materials evi ce
pon ' of | syt BT YRR Ebhy SHER] n B PSR iR RY ol e Brea 110A
a significant reduction in thickpness of the netallization layer 130 in the
devi ce afF%@t P PERUEAN R ey tgfh T PHORERSING 108 dircde v dPT dhaiscwonf any
metal |ines 13313 provided therein.
depositing the dielectric material or materials of the contact level, a certain degree of
height difference may still exist between the device areas 110A, 110B. That is, typically,
the material 121, such as a silicon nitride material, is deposited on the basis of plasma
15 enhanced chemical vapor deposition (CVD) techniques having a more or less conformal
deposition behavior. Thereafter, the material 122, for instance in the form of silicon
dioxide, is deposited, for instance, by a deposition technique of superior gap filling
capability, for instance high density plasma CVD, sub-atmospheric CVD, thereby
providing a certain degree of leveling between the areas 110A, 110B, wherein, however, a
20 certain global difference in height level may still exist, even if performing any additional
polishing processes for improving the overall surface topography. After providing the
dielectric material 122, sophisticated lithography processes are applied in order to form an
appropriate etch mask, for instance in the form of a hard mask, a resist mask and the like,

which may be used during the subsequent anisotropic etch sequence for etching through

25 the material 122 and finally through the material 121 and into the metal silicide regions



Upon further scaling the size of the individual circuit elements, |ateral
feature sizes and generally the thickness of the netallization |ayer 130

al so has to be adapted. For exanple, in technol ogies using a gate | ength of
40 nmu and |l ess, a thickness of the 5 netallization |ayer 130 may be of a
simlar order of magnitude as the height differences 110H or 110D, which
woul d, t hérs, 15l eddicteotier, iorsoaticeqicablgs arefillerdith Hiecksiesisconfludtie material,

nmetal lization layer 130 in the device area 1108 after having reliably

renoved pomitéxdes®nitidiohakith i theldevd Gerrak 8RatdddAanPind kb%c%% gr‘ﬁﬁt]pnf?ﬂd’
(0] e

" 9

further increasing the thickness of the dielectric materia

contact {1euel islitfhosed 85 chOniMit , fhe | 10 difference 110E-L
may not be a bronﬁsing§8%??%%f9§?ﬁ§§9gﬁgﬁ§$Fégﬁggcg??%¥#%%§m%%§a%%%ﬁr

during t I atterni ng process for formng the contact el enents
123A, 12 eﬁtgg%t %?ép&grstoi %Ssioaaﬁ%‘g}e?kaﬁ ?ﬂ%’ﬁ(?ﬁ“&dﬁ?‘%h@ﬁ S i fﬁ? SP¥kedraat a
general | y, {hereased etch depth in the contact |evel, thereby contributing
to siﬁgni ﬁ d@éﬁ?wg%@& fedpeed; Qgﬁ%f@ééﬁebaﬁ Q@‘f‘%ﬁn@?nﬁ@@ﬁ%qwéﬁgfl%/t;l‘aﬂsr‘stqrhe
conventi onal approach, typically, a conprom se of CVP paraneters 15 and
t hi cknesECHFNE Kb apRGBITA Y GO v caig dengsly. deoreppinded, difthiches, inhosight devel, a
significant probability exists that any netal residues may remain in the
devi ce atseddicr@A by tldOHe dnplteti rigkanhinte aonddpansti by polidshi Mg @reeEss. | n
this case | eakage paths or short circuits between netal |ines 133A nay be

creat ed, mbtoealebd? atitH eRsdasédlciness BErd&obNBeRI9f kb advibir &t gedindes 150
or causing a conplete failure of one of these devices. Sirnce 28 reliabl e

t enper atdyngoral degiBiiof HERNMY poeRENt &J?ndﬁiﬁﬁioqi V%?r?%lg ?%ﬁ%%%%fééc% tg:f%t%ﬂ\/e[ﬁ

reduction in the reliability or a ‘degradation o
subspfyr at '9Q@§1. . Lpute to significant yield |oss qang% r reduced
functioﬁg?g%y 0 eﬁﬁe“%%ﬁ&%%ﬁﬁlé?ggmdggPEgoigﬁf”XMCLQQnm“S?iﬁé P§§@ﬁt
disclosq%g i%fdjr ctq? %o.va i ous nethods that may avaid, otgat_lgast
95r educe, T RETEFHE S P*BH &L BocTis Paragtcteind sl adhsh demser pf fdishizgiove.
SUMVARY CF THE .| NVENTI ON The follow ng presents a sinplified summary
of the i%VEKED 6A > PRURAEWE fermeyvabpbiictié cambarsd ¢o Umdenstamahtegalof22s dnehiaspect s
of the invention. This sunmary is not an exhaustive
manner, the excess metal of the contact level may be removed efficiently from within the
device area 110A, which, however, may result in a height level difference 110H of
15 approximately 60 nm and even more. Thereafter, the metallization layer 130 is formed by
depositing the dielectric material 131 based on any appropriate process strategy, followed
by the patterning of the material 131 based on sophisticated lithography techniques. Next,
any appropriate conductive barrier material (not shown) is deposited, followed by the
deposition of the actual fill material, such as copper and the like. Thereafter, any excess
20 material is removed by appropriate planarization techniques, such as CMP, thereby also
requiring the removal of the conductive materials within the device area 110A, which may
have a different height level (110D). Consequently, upon reliably removing any metal
residues from within the device area 110A, a significant reduction in thickness of the

metallization layer 130 in the device area 110B may result, which may, thus, reduce

25  performance of any metal lines 133B provided therein.



5 overview of the invention. It is not intended to identify key or critical
el ements of the invention or to delineate the scope of the invention. Its
sol e purpose is to present sone concepts in a sinplified formas a prel ude
to the nore detailed description that is discussed |later. 10Generally, the
present disclosure provides nmanufacturing techniques in which substrate

di odes may be provided with a high degree of conpatibility with
conventional process strategies, wherein the probability of creating

| eakage pat hsUpou figtiet teating ¢ dise &Qﬁé’\l@@&idtﬁ@bﬂéﬂﬁ@émé}itgqﬁfrapﬁ%tup@siaﬁduced
by inplenmenting an additional planarization process upon formng the
contact 4RVednep ]t ] , :ce. i.s.end, the 15 planarizing
effect, 1. e.g% et?{kllley t:plgdtﬁfg:%&ll é(;sg%g:‘{ Héaﬁ{eteag%%lﬁﬁéa};sggrlﬁggzsot %aﬁotﬁrkéep?ﬂ??%gf for
appropri terjals, such .as planarization materials, or appropriate

di el ect r(?{:a%%rf%elr%i eae?%r,ldl%%fls hEladed? g’?n% rquf‘%nﬁb agg 6}?Séaté‘t thigkaessaefi theonal

pl anasri zat | An proress ,thereby praovidi n% superior surface planarity upon
for mi’ng THEIHBNYE [5ad I bmay st Bnilherdsien vearitseos trebéigkt, diffrendrss
manner, the difference in height |evel between device areas having forned
t her ei n DOt ahdil SPomdigneonlds st teatlgowi ndowcieptaate SdTcdethidecssayt he
efficiently reduced, thereby avoiding undue material loss in the

net al | i Zattalbratsystagen 1 om thhidsvipeinpede)B tafier phdngrdlzslyi @MopPEPERSKcesgUCh as
a CWP process, an etch process or a conbination thereof, may be perforned

as non- masked iprhe ds@es arch N20&bYORURI Hhdtthaalyrdddi ficRaah. kid ReghaRny
processes as nmay have been proposed in conventional strategies.

e il | Lo i Lher e t o fermng ap Sa
e i1l uss dadidonge mRfdiod 1@'2?%![ ﬁﬁg 3‘@ Rer gl 18l aLes & gfu{atf?% nfeg?%eﬁﬁlgﬁxeéght

sem conduct or device. The conpri ses exposin or

cryshal | , terial of. the SO device .and formng a plurality of
Ci ri‘Bi t déﬂ%ﬁ@%?gf q[?t“fﬁ"e@&% S HEFE IFBHO Y SEGeS BIISI | VRIRPTS TRt PeruE

mat eri al ,. ..Th?hmat hold further conprises formng a transistor ina 5

sem condEPe L SRpley PaHBINGBIoSEN ¥ dpianing dhe eraact elemanisr @3, tIAZB due

sem conductor layer is formed above the crystalline substrate material and
a buri edoifAsinsEnea ghe sgrificantheighedifonemddit higonahlly incomapd sesddpo i thg a
dielectric material above the plurality of circuit elenents and the

tr ansi stontagindevedr thargby pdrawdiarinzate osigmeititi slibsaEve-stiberaed el 8GkikiC
material. Furthernore, the dielectric material is planarized by using the

e o R e (YA
transi syl (@pchekher %éJ[e%fstMoOJndCHoc%§ b%laelagﬁgé,SWhile, however, a significant
probability exists that any metal residues may remain in the device area 110A after
completing the corresponding polishing process. In this case, leakage paths or short
circuits between metal lines 133A may be created, thereby at least reducing performance
of the substrate diodes 150 or causing a complete failure of one of these devices. Since
20 reliable temperature data may strongly depend on the diode characteristics, a reduction in

the reliability or a degradation of performance of the substrate diodes may contribute to

significant yield losses and/or reduced functionality of the semiconductor device 100.

The present disclosure is directed to various methods that may avoid, or at least

25 reduce, the effects of one or more of the problems identified above.



A further illustrative nmethod disclosed herein relates to form ng an SO
sem conduct or device. The nethod conpri ses exposing a portion of a
crystalline substrate 15 material in a first device area of the

sem conduct or device by renoving a sem conductor |ayer and a buried
insulating layer in the first device area. The nethod 'further conprises
formng a substrate diode in the first device area, wherein the substrate
di ode conprises a PN junction formed in the portion of the crystalline

substrate material. AdditigingMAXRY2O®I TARIINVEIEMEN IS forned in the
sem conductor layer in a second device area and a first 20 dielectric

material is f ?Bé"ﬁﬂllo@@@’ Eegéﬂ@s { élf@?iﬁ@ﬁguﬁ%%ﬁé’f tgéa }ﬁ'vgrﬁlo%rle%lsdel ;{%Blgr\}g eﬁort i on

further conprises perf rocess so as

of the f G- Jrateria second dielectric materia
above th%ﬁsﬁ?ﬁ%fEQ&# ? Ogmﬁﬁ?%4%gﬁﬂﬂbﬁﬁﬁ%?gnib$§umFﬁ@’ﬁé@h@ﬂe@BWﬁPﬁses

pl anari zing a Lace t gpogr aphy above the first and second device areas in
t he $ es® e‘ve @ IRYGREPN. 5 hgis ok apfgndiidetoeidentify kentorcrititad cl@Bents of the A
still further |IIustrat|ve met hod di scl osed herein conprises commonly
for ni ng @vertipnagidosislinese thegicoprs obfheainversivsi Stsowold purposenite prduatsomel ayer
of a sem conductor device and a PN junction in a portion of a crystalline
subst r at enegte atimplified &irm dshepreladt eohd o tethidyielesdr bR @fu@sdaur i ed
insulating layer that is in turn fornmed above the crystalline substrate
mat eri al latefhe nmethod further conprises formng a dielectric material above
the transistor and the portion of the crystalline substrate material.
Moreover, a planarization layer is formed on the dielectric material above
the transistor and the portion of the crystalline substrate material. The

@d furth r| I re a surface to erformng an
etcﬂ processgégggs to §& ”ﬁe Qg?P F oo eiﬁ%mﬁgg Bgr¢ M 6itat8r vBIChand t he
planarlzahlon ayer BRIEF DESCRIPTICN OF THE DRAW NGS The
di scl osUPBSHRL 5des, AE s ey ﬁ%“@@ﬁbh@ﬁd@gﬁ@‘ﬁﬁ@ﬂmémm5mﬁW@h@e@eﬁmpmMon
taken in conjunction with the acconpanying draw ngs, in which like
r ef er end¥ogpsiretategics.dehereinythe B0 habdlitg| ahenateng maicige rpatitsi akl: short circuits

between individual diodes may be reduced by implementing an additional planarization
process upon forming the contact level of the semiconductor device. To this end, the
15 planarizing effect, ie., the reduction of an existing surface topography, of appropriate
materials, such as planarization materials, or appropriate dielectric materials, may be used
for performing at least one additional planarization process, thereby providing superior
surface planarity upon forming the metallization system of the semiconductor device. In
this manner, the difference in height level between device areas having formed therein
20 wransistors and a substrate window in an SOI device may be efficiently reduced, thereby
avoiding undue material loss in the metallization system. For this purpose, the
planarization process, such as a CMP process, an etch process or a combination thereof,
may be performed as non-masked processes, thereby avoiding any additional lithography

processes as may have been proposed in conventional strategies.



Figure 1 schematically illustrates a cross-sectional view of an SOT

sem conductor device conprising a substrate w ndow having formed therein a
plurality of substrate diodes, wherein the pronounced difference in surface
topography may result in significant 20irregularities upon formng a
contact level and a netallization |ayer, according to conventional _
strategi es; One illustrafiygmedwd2hschubed btvematelagal tb Yornihg ah rSlecni@s8ugact i onal
views of a semi conductor device during various nanufacturing stages of
form ng deviGO Tieentihoddoepses dRpdstey 2R bitd figstaliRs biRtaredhades orwRerein a
superior surface topography may be acconpli shed by providing a

pl anar i zgbi eBvIEBLAH RkmaRda %r@ﬁ@hofp&%ﬁlsfewﬁy if qwﬁﬁ%%%ﬁ ?Pgﬁgogm%f Lgvel of

t he sem conduct or device, according to I1llustrative e

Fi gures w2k ically,ildustrat ross-sectiopal .views of the
s e(F:]n'u con dé?% %l}m% gs\l[} ?%%tt%grgaéérl}éﬁl'n gﬁ}eoltnF @P? r@]’hﬁ‘ RRGEIR F‘\%‘l%ﬁ cﬂ:ﬁnﬁ’étr‘?lf dn fai [1 i

' he surface topo of an inter]ayer dielectric material of e
\(lz\gln'f c: ?"‘8%‘?“@&39" E@thf[e@‘g%liSﬁ@Wﬂii@&rfact%%@nwhﬁ@}péh%fﬁpméarechwm layer is
sophi sticated SOTI devices; and Figures 2g-2h schematically illustrate
cr oss- selOfnphabowgithastysrllingsubsriicoaduattasd a woiedendubdingdaer dithg ntethost i | |
further illustrative embodi ments, in which at |east one deposition and
removal addianalinyomprisgpbingdg balideruinmetelialydoveitel ppahliyco M it kRlneng0ssi bl y
in conbination with a planarization material, so as to enhance the overall
sur f ace dmpthgr aphistorldthifdrenithe plukjreationmdaral dbsed asedideud haksSial.

susceptible to various nodifications
Furthermore, the dielectric material is planarized by using the planarization material.

10 Moreover, the method comprises forming contact elements in the planarized dielectric

material so as to connect to the transistor and the plurality of circuit elements.

A further illustrative method disclosed herein relates to forming an SOI semicon-

ductor device. The method comprises exposing a portion of a crystalline substrate

15 material in a first device area of the semiconductor device by removing a semiconductor

layer and a buried insulating layer in the first device area. The method further comprises

forming a substrate diode in the first device area, wherein the substrate diode comprises a

PN junction formed in the portion of the crystalline substrate material. Additionally, a

circuit element is formed in the semiconductor layer in a second device area and a first

20 dielectric material is formed above the first and second device areas. The method further

comprises performing a polishing process so as to remove a portion of the first dielectric

material and forming a second dielectric material above the first dielectric material.

Additionally, the method comprises planarizing a surface topography above the first and
second device areas in the presence of the first and second dielectric materials.

25



and alternative forns, specific enbodi nents thereof have been shown by way
of exanple in the drawi ngs and are herein described in detail. It should be
i mder st ood, however, that the description herein of specific enbodinents is
not intended to limt the invention to the particular forns disclosed, but
on the contrary, the intention is to cover all nodifications,

20equi val ent s A &l figthee ilestiaties metioti dige laviet Hiereit bempipies ich mamdlys cepengof t he
invention as defined by the appended cl ai ms. DETAI LED DESCRI PTI ON

Various ididimsnd abive regibosioffentranstsiort ea i soMeidhiioa[29:d6S §TkRednlediow. I'n
the 25interest of clarity, not all features of an actual inplenentation are
descr i bedevie thd 9 PISHRAEIIICAL & QBrtionl ofM |y @111 GO WIRGaREARREEGLBLEH yfhat 1 n
t he devel opment of any such actual enbodihent, numerous ’

i mpl ementat i Iha) 6 sy TUS: -ede to achieve. the devel opers
specificggﬁgﬁg?égﬁg eg§j@%ﬁ%f#ﬁ%@%“#ﬁ%ﬁﬁg§g?§W?f@ﬁéﬁ5H“%H%I TREe & ¢ at ed
consty ai qwhich will vary from one inplenentation to another. Moreover,
it will E‘@%BB?&E?%&%&“?WH?L s Hn%{gﬁ‘g%‘ﬁlgb RERPIE fymings gislechis maapilex and
ti me-consum ng, but would neverthel ess be a routine undertaking for those
of ordi néwestg? iangipio pad dhe persion iy thherisealbid subsfrate hhgendils cVoswre, aThe
present subject matter will now be described with reference to the attached
10 fi gurplsnanvzatiplagersis furtadreesthe dightoaimmandaldesie 88 (A6 sBERITBE beAlohY
depicted in the drawi ngs for purposes of explanation only and so as to not
obscure oheepresslite ditsahnsmnerin t Thdetcadds ket oRhS:iweldkngwn o9, dhose
skilled in the art. Nevertheless, the attached draw ngs are incfu ed to
descri beanga bRinarfbtrhinst dnadil . f. r t djscl.osure. The
wor ds andpg%rgﬁgsﬁﬁged he?eiﬁ&gggﬁ$§§ggg%ﬁ&g#g%gg%Béﬁ@ﬁﬁh?gp%ﬁ%?% "o 15
havega ¥ ' AM t he understandi ng of those words and phrases
by thosgﬁgﬁP?%gg%%ﬁhgegﬁ%% e% Rt art. No special definition of Et termor
phrase, Le., a definition that is different fromthe ordinary and custonary
meani ng as understood by those skilled in the art, is intended to be
inplied by consistent usage of the termor phrase herein. To the extent
that a term or phraseBRIIRESERIPTHONAVE SEAWINGEaning, i.e., a

meani ng ot her .
The disclosure may be understood by reference to the following description taken

\

In conjunction with the accompanying drawings, in which like reference numerals identify

15 like elements, and in which:

Figure 1 schematically illustrates a cross-sectional view of an SOI semiconductor
device comprising a substrate window having formed therein a plurality of substrate
diodes, wherein the pronounced difference in surface topography may result in significant

20 irregularities upon forming a contact level and a metallization layer, according to

conventional strategies;

Figures 2a-2d schematically illustrate cross-sectional views of a semiconductor
device during various manufacturing stages of forming an SOI semiconductor device

25 including substrate diodes, wherein a superior surface topography may be accomplished



90 than that understood by skilled artisans, such a special definition wll
be expressly set forth in the specification in a definitional manner that
directly and unequi vocal ly provides the special definition for the termor
phr ase. The present disclosure generally provides manufacturing
techniques in which a 25difference in height |evel between a device area,
in whi chb¥ PEdiiag arpletasisstinnsmatiesalf andmediich mdksa ugevicmiay eeomict $akbbf at e

wi ndow, in which substrate diodes are fornmed, nay be significantly reduced
upon f or Hiersgmidvedeaot dotce, exeldind totilest@lec sepbdimpaYct or devi ce, w t hout
requi ri ng undue thickness of the dielectric material, which may be
acconplished by inplenenting a planarization process based on an additi onal
dielectric material, such as ) an organic planarization material and the
i ke, wherein LtLhhq I, ol J shi-ng, process,, ma rovi de

superi or surfg%gwgo% ﬁ%@%@ﬁﬁﬁggquﬁ%?&n%g% “%Ct}%r%)ll Vf’eleSs?ts Wﬁt%ﬁrﬂﬁio ¥5'%n 1 ayer
of t | i zation system, In sonme illustrative enbodi ments, the superior
devi 252 P%%@éger %‘%R&Sﬁf’rﬁaﬁ? Lhet LSS FaboginenioR dihig e shisr opagrpiy ofat eri al
having a sij m"l ar etch rate as the int dayer dielectric material and

per f or m HyER axeicHelgisie daaiorial G Fegentact letel praydwaised diratestreptactmprigaess,
thereby preferably renmoving material of the interlayer dielectric materi al
above t happieash diesephésiichiad iSAY detiecs; act eased hei ght | evel , and hence
efficiently "planarizing" the overall surface topography. In this respect,
the term"planarizing" is to be understood as reducing a difference in

hei ght | evel between the substrate w ndow and the device area conpri sing

t he transi st OFjoglegmRtSs : 04Dt - 1 L nitial
hei ght differ eﬁce ng ter %g%gg%?l?(;ﬁa%%&teﬁggsgslegFégga? r Ee?san(&tégiS%@%COF ((rfl\ucgflher

i1l ustratd [ IR A NE:Te [o [N P t r alternatively to groviding an
or ggﬁ)i ca%eivgcﬁaar%?gz}gﬁggﬁ @hgtﬁé}r”?eéﬁﬁgg&tﬁli}%;?rﬁg?‘@%lﬁ% 0] rv?qﬁf}éa@f%slt 8Bt B?Q?SH‘&Peri al
such as further layer of the jinterlayer dielectric material, may be

pr ovi deaa%gf téééovéf i %t Mg P Wﬂbe%ﬁ%&asgl}el‘l%%fr dishectite maigitali epssgb i | | i ng
capability may result in a reduced surface topography, which may 90t hen
further %é’@‘(%@&eﬂmﬁy apBlpaiizAtiag Eafetiph her q50kd sthmgeptiocessrabir sanfacet ch
process, as descri bed above. In sonme illustrative enbodi nents,

t he additepegsanhypl anari zation of a dielectric material may be applied during
a replacenent gate approach, in which a portion of a gate

15 While the subject matter disclosed herein is susceptible to various modifications
and alternative forms, specific embodiments thereof have been shown by way of example
in the drawings and are herein described in detail. It should be understood, however, that
the description herein of specific embodiments is not intended to limit the invention to the
particular forms disclosed, but on the contrary, the intention is to cover all modifications,

20 equivalents, and alternatives falling within the spirit and scope of the invention as defined

by the appended claims.

DETAILED DESCRIPTION

Various illustrative embodiments of the invention are described below. In the

25 interest of clarity, not all features of an actual implementation are described in this

14



95el ectrode structure of the transistors may be replaced by a highly
conductive electrode nmetal. In any such replacement gate approaches,
typically, a top surface of the gate electrode structure is exposed, for
instance by CWP, and subsequently the placehol der material may be replaced
by the desired material or materials, To this end, typically, a highly
conduct i veecHitagpn. uehl efscoatsaricrpnrecrmgsy thet tehoditebebnadt of atyhaichnenmval  of
the placehol der material and any excess material nay be renoved by CWP,
wher ei n, calbgdinient, tthingeressieyplamntativnaspeeitic| @akaae npat Bs nidletihecsidbsiat e

w ndow above the substrate diodes or any other circuit elenments may be

subst ant detdliopeay apeadc ¢guglst Qichhe SHPERAQN wiH rs‘}ﬁ&%«r%l%é@%rnﬁptﬂﬁéin@&gr%lat

d
perform ng the replacenent gate approach. 10Consequently, circult el'ement s

f d i i I abline sul _ terial \of an SO .device,
sﬁgﬂeas'gﬁ%@????ﬁ“ﬁ?%@@é?d%§§&%éh?dPﬁﬂgﬁéﬁgﬁﬁifg%%ﬁ eﬁe&ﬁ%@°%ﬂ’§%Wﬂg¥ﬁbl!lty
i nst ance descri bed above with

: t o et
ref ornol e Rrg g ST RO SR i, Riek oo S s iy st isge o

raph result in a significant reduction of |eakage paths and short
E?ngitg“y‘ﬁﬁ%ﬁ@ﬂﬁgﬁﬁp??ﬁ@“éﬁ%%Q@V&HEHEhﬂﬁﬁﬁeé@dhmmhﬁélEUh@ampangdm and/ or
the subsequent first netallization layer. Wth reference to Figures 2a-2h,
further berelisefhisidiwlentodi ments will now be described in nore detail
wherein reference may also be nmade to Figure 1, if required. 20Figure 2a
schematically illustrates a cross-sectional view of a sem conductor device
200 conprising a substrate 201 in conbination with a buried insulating

material 203 amﬂ@se%ﬁrnlgj@ad[%&&rwﬂuaa{c%_b%od’escxﬁ%d%@/ &-é%%&%}i%egfagtﬁg%@a@%u the

conbi nati on of the substrate 201, the insulating layer ( d e
semi gon dﬁlg‘hgg " T@éﬁ%uszg’tﬂm{tﬁm%sé bsg/stregfs e{irgfe ;are]\t/igesasareggm%mﬁgéﬁl\g) geeﬁicted e&e{hg €

SOT configuration may no rovi de one

drawings for purposes of explanation only and so as to not obscure the present disclosure
with details that are well known to those skilled in the art. Nevertheless, the attached
drawings are included to describe and explain illustrative examples of the present
disclosure. The words and phrases used herein should be understood and interpreted to
15 have a meaning consistent with the understanding of those words and phrases by those
skilled in the relevant art. No special definition of a term or phrase, i.e., a definition that is
different from the ordinary and customary meaning as understood by those skilled in the
art, is intended to be implied by consistent usage of the term or phrase herein. To the
extent that a term or phrase is intended to have a special meaning, i.e., a meaning other
20 than that understood by skilled artisans, such a special definition will be expressly set forth
in the specification in a definitional manner that directly and unequivocally provides the

special definition for the term or phrase.

The present disclosure generally provides manufacturing techniques in which a

25  difference in height level between a device area, in which transistor elements are formed,



25areas, such as a device area 210A, which may also be referred to as a
substrate w ndow, as is also discussed above. On the other hand, a
substrate area 210B may be considered as an SO area, wherein circuit

el enents, such as a transistor 260, nay be fornmed in and above the
seniconduc%or | ayer 204. On the other hand, the layers 203 and 204 may be
renoved, 8t & ‘é%‘(é‘%é W5 OF aPpypratg pyigdeav, deviieh arhstia®| dgdestdrerfelmyedexpysbang, at

| east during certain manufacturing stages, a crystalline substrate materi al
202 of tREnsiseRiY sdecabuporTiensub s ainencidvel bAkh<2SQI BEMicE AR SR VAR,
appropriately doped well region 202W in which highly doped regions 252,
253 of i mitosiercdoifinpgndmy thenpsovi dedicdsia RAEEOTyhE G be %&%g&%ﬁed%(l
which, in some illustrative enbodi nents, may represent substrat Iodes. In
thi s casey implemehiddephh Mgl oRR e lSUEh as, the region
255 may Form L0 BR e oSG s Ui SHER Bty 07

Furt her =: €O Wratd on.and the basic dopant profile of the

r egi (?ﬁs n%%gt:ga%%gﬂ%%gggle&lsﬂﬂ%%Pélr ﬁ}doﬁ% Illlge’c%}}‘%eé’ﬁ?? 5%0?‘&110 ﬁﬁa‘bcp?)‘f? pelihingdr ai n
and sour %C&SQAQns_oﬂ transLsths formed in the sem conductor |ayer 204.

For exan‘%ll &> M IR VIS RS B IRE RE YRRt REmigs W kery digslongalbgaticnf ¢ he
transistor 260 may have a simlar configuration as the doped regions 252,
while th Y‘?I‘egfio B &neshzation sysismhalpesomecidnstiagise atibodinsints, ker supericlr diviceand
source regions of transistors of inverse conductivity type. Furthernore,
metal si Popegaphy wgl dnsicSmplisiyd b froviding o platidieatdapedierialhonsy 232nil253 and
nmetal silicide regions 264 nay be fornmed in the drain and source regions
262. Zpladshnuhdthﬁhﬁﬁ?@@@dﬁk@dﬂ$H@kﬁﬁpﬁxpﬂﬁﬂﬂﬁﬁﬂgmgg§ﬁah9&:Sgﬁciggaﬁay
have simlar characteristics as is also previously discussed’wth teference
to tihe e RENIGE Lot Pe U} 1 i e circpit. elenents, for
instanczﬁthe substrggg’gggggéQ%%gﬁn#gg&ﬁggg%gpﬁ%gégﬁk%ﬁrf@dﬁgfngﬂgw%onpared
to the tf; j.St 0 r..instance in ter of dopant .concentration,
configu#ggggggo &fﬁg %%%gﬁhé@?@?%3“?€§W8WS%§BHQE§§Bq§H§“ﬂﬁ@34?%%hemﬁ ot her

25cases, _-f. siaxed, .t.he,cjrcuit elenents 250 may have certain differences
in conffgﬁ%gﬁﬁbnpﬁnwﬁ?ngnéb%ﬁE@“%%éwggﬁrﬁﬁﬂgéﬁﬂfhdﬂb§§$§Eﬁﬁ0htmﬁe®§n some

different prpces§,stegs conpared to the transistor elenents 260, if
desi red. PIAI2EHBGI & toups Naderbleod msrrediciteed diffaencehie leegtit devid etweendiyi ce 200
may represent a sophisticated device including individual circuit elenents,
such as stherate wixiost ard e Qlevickatcacenfroimetie anntiber bRsieatsoft [6dst bl Gak
15 third relative to the initial height difference after deposition of the dielectric material. In
other illustrative embodiments, in addition to or alternatively to providing an organic
planarization material, any other appropriate dielectric material, such as a further layer of
the interlayer dielectric material, may be provided after a first polishing process, wherein
the superior gap filling capability may result in a reduced surface topography, which may

20 then further be reduced by performing a further polishing process or an etch process, as

described above.

In some illustrative embodiments, the additional planarization of a dielectric
material may be applied during a replacement gate approach, in which a portion of a gate

25 electrode structure of the transistors may be replaced by a highly conductive electrode



5 di nensions of 100 am and | ess and in highly sophisticated applications
with 40 nin and |l ess. For exanple, a gate electrode structure 261 of the
transi stor 260 may have a gate length in the above-specified range. The
sem conductor device 200 as illustrated in Figure 2a may be formed on the
10 basis of any appropriate process strategy, for instance by using
processe&S diis@iis§&d wpbventt fhte epepetics typiceHe seor sofiductiahe daw ce
100. That is, at any appropriate nmanufacturing stage, the substrate w ndow
210A nmy clsetrodsr sipgtisy is expostdgloa iptarice dy OMR, hed| ayexse?@3the 20tchasad on
any appropriate masking and etch regine, thereby preserving portions 204D,
203D andmatdnias magXpaspRgedby ticonsired ntahSia by siaallalNeTs YRs thatSyiRleni al 202
15 within the device area 210A. Depending on the overall process strategy,

at | east h@ﬁ@ec&ﬁﬁ&%erﬂ%t%l,%fucﬁ e afind; Gy :[m k%ggc'fb{“pasei%goaf{g?%eb%ngog/%gh%ef or med

wi th conponents of the transistor 260 suc rarn an gi ons

262 d i After .conpleting the basjc configuration of
t he férﬁ ané%ggﬁllggggg@%gﬁ%ggﬁgg}g%?Cgﬁsl lfﬂa’{e%l lglgéﬁﬁﬁ?rgg‘%{, byaég)g’vi SR \AEI0 1920 may
be formed, which ma cogqrise any appropriate dielectric material or

mat eri al §° f6F A MSPAREE i??k%f‘ep%%%wg? SEPsiips] wiedevabpet Geisabstaridioduch as a
silicon nitride material, followed by a further dielectric material which
may al soCh@Wy ather pisghit elemsniarmahbe sibyantially elvetied idue ratter swalerid? 2urfdcor
instance in the formof silicon dioxide and the like. The materials 221 and
222 may beodrapiechonrpettheningsherepcanynt 2aepppepci.at e deposition techni que,
as is also previously discussed with reference to the devi ce 100. Upon
depositing the material 222, a certain target height |evel 22014 may be
determ ned i n advance, which nmay be selected so as to provide the desired

charjact eri stigss8fuchh . ek . dur | the further. processi ng of
t he sem conduct grJluc?ev?’cgg%ggref&r?ﬁ%éhgméégrr%l Eéncg%g%e' tlﬁehélyﬁ@ptj’ﬁts %é%f’ 220H
may be i-de target height of. correspondi ng stuTtee of the

mat er | aﬁﬁ%}égacggge h(%vhclgygicélaﬁ F%‘%tlgﬁtf&?%ét ‘é‘a}‘rg? e voigpa highgleatsy of
providing a superio | obal] surface topography. Consequently, upon

deposi t |c(r§61ptaﬁgllﬁ§“| gl‘téccgfli’@l“ﬁﬁi‘lef?m‘éﬁtss Syolegigy E}Snfi)(l)f illbﬁtanlcéeléﬁfcl‘ltb ekavessith s

sel ected (S§UCh that the target height |evel 22011 may be reached wi thin any
r ecessedC§Ere & Hegag 1, sl ahthetshme sutsshe atperini suttase 240Araplly fhay result in

a significant reduction of leakage paths and short circuits without requiring an extra

15 thickness in the contact level and/or the subsequent first metallization layer.

With reference to Figures 2a-2h, further illustrative embodiments will now be

described in more detail, wherein reference may also be made to F igure 1, if required.

20 Figure 2a schematically illustrates a cross-sectional view of a semiconductor
device 200 comprising a substrate 201 in combination with a buried insulating material
203 and a semiconductor layer 204. As previously discussed, the combination of the
substrate 201, the insulating layer 203 and the semiconductor layer 204 may be referred to
as an SOI device, wherein the SOI configuration may not be provided in some device

25 areas, such as a device area 210A, which may also be referred to as a substrate window, as

17



Figure 2b schematically illustrates the sem conductor device 200 with a

pl anari zation material 205 formed on the dielectric material 222. The

pl anari zation material 205 nay be provided in the formof an organic
material, such as polyner material, resist material and the |ike, which may
be applied in a | ow viscous state, for 15 instance on the basis of spin-on
t echni qu@slso dkensby aprveviQii thg othehhghl, y sushaeanfact 108l meleposinsidercdhehavi or
Hence, a substantially planarized surface topography 205S may be obtai ned
upon ap@iQli argp, titeretmtcacuniable2@bts, Sharaehyrapsionst dbMGnanbd PemeasLsh@mRyat of

mat eri al above the device area 210A conpared to the device area 210B. It
shoul d lik: eppiteRiuaior dhykhats TERYNONABATLhE AL RHBSTHANE) AT.G 1RV ahhakl © and
may be used as the 20 planarization nmaterial 205, erein; In sone

i1 1ustratijyve i t t.erj. L.kions nmay be, selected that may
have a g%é%%é?ﬁgggkpﬁgggaé%ﬁ%gf%%Jggggﬁg%ﬁ% e?%gﬂnézﬁzkﬁﬁ'gWP§58ﬁ3?na
desited etch recipe nmay be sel.ected, for ins e a plasm assisted etch
reciée,“%W%ﬁﬁp%ﬁ%rﬁ%%§’8f“¥%?¥%8§”8#&%hﬁ?%ﬁ@§%ﬂgﬁﬁtéﬁi%®§HW%¢0%e The
efficient]y determ ned by experinment and may, thus, be selected so as to
conpl y \ﬁ}fﬂ?%a’t@n‘é‘a@f%qua@éy EPIMPRE 1 dlegieicty doprdteel] egiop?202W, wivebiclof t he
etch reci pe under consideration. Furthernore, etch paraneters may be
adapt ed highlx Hepast edgicshatsde 285 ioftinesscofioptihge nmt ler pak&le205,a BRAL of Rirokider to
obtain a simlar etch rate. It should further be appreciated that

char act eleirenisc250ofwhidte insberiiflist205e esB6MinRgtsC ARH BFksdhe St di¥dand,
thus, etch resistivity and the |ike, nmay be appropriately adjusted by

per f or M ghiSQLE| feG ik ; radi afd : ts a
treatments 5 and the flgggl?%g%i I ys?§2’c%(§rrb|§&r(fg%?6ﬁrlerl\%?l%}ﬁ%? ’emlaﬂgoéblp%r ation
of ecbij; S ol by. prowvi.di pg a high degree of flexibiljty in
or ot di 5o RS EA PG e FUE RSB RN, P eGP ar Soecnohiigupel 20
schemat,cal |y illustrates.the sem conductor device 200 when exposed to 10
an etc h{hg%sénéop%%plpﬁ}eo?%%‘? r‘f%"‘?se?g%vgs ? BEYnRe gpitlar tohs capepnigayoreritess
portion %&,E ff the dielectric material 222. In sonme illustrative

enbodi nBRties of figieprdhsqyresciesony 06 tigasistis fpanddomnbd sersicandicastayaddi st ed
etch process, thereby providing a highly directional material renoval,

whi ch Bt exapupde, in dsentbodiment soaker, alreh yndisiror myivas 261 af the esmiab; 2@ven i f
the etch rates of the materials 205 and 222 may slightly differ from each
ot her. iy dhoahdimils omigpprieaiaatied dbfalt regiop a6l White &l RLRSIB 524yt ed
etch reci pes based on fluorine and the |Iike are avail able for etchi'ng

si | isxconhalicoxi g fasedn "Akghi &b Sdrahehe| sBux_therergﬁ)rﬁQVﬁfl nhAiGoRf of Ng,JBt eri al
205 may be adj usted so as to be very simlar to the renoval rate of the

mat eri al,d2&ivifs LN e . val rate pof the materials 205 222 may
it fer By oaaniB R pe HhaRgGk 1 ST R R bR B habe Byl ect g
approprl, 1toxels 9%?,6253 and metal silicide regions 264 may be formed in the drain and source

regions 262.

20 [t should be appreciated that the component described so far may have similar
characteristics as is also previously discussed with reference to the semiconductor device
100. In this case, the circuit elements, for instance the substrate diodes 250, may have
similar configurations compared to the transistor 260, for instance in terms of dopant
concentration, configuration of the metal silicide regions 254, 264 and the like. In other

25 cases, if desired, the circuit elements 250 may have certain differences in configuration,
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20 materials for the material 205 and/or adjusting the characteristics on
the basis of additional treatnents and/or by adjusting process paraneters
of the etch process 206, as descri bed above. Consequently, the height |evel
220H may be obtained in the device area 210A, which may be very simlar to
a height |evel 220B obtained in die device area 210B. In sone illustrative
enbodi nefRisnstangs vdienflaregicen the bagienl atheashsinghtiffeeane bec@26Hps 2208arady 25be

| ess than approximately 65% of a difference of the initial height |evels
2201 in thve tangsior cki@mtand0220Cesiredt hdt aheald2 f@Ber 1ie ahoulistebehappeeci at ed
that a further inprovenent nmay be acconplished by, for i1nstance, also

pl anar i zbéngicoieicroat @svicl 2@0mayf @prdsbHt ANGBhR¥ AR PRSI RLRGESS and
the li ke, thereby acconplishing a superior surface topography upon

per f or m gigetihelegleah nal €[ty i fference,between. the

hei ght levels 5 220?&?p§§3%2%gﬁﬁgggg %i@Féé&f}g?%ﬁu@gé&%$Q§%§$6%¥¥Qte|y

adaptd ng of t he terials 205.and 222, as di.scussed above.
Cbnsé%ue%%&%?lPﬁgf#gé?ﬁ%%&b?%%QEEWﬁBgﬁﬁfOB SE%WF*W%’amﬁﬁsﬁﬁﬁ”ﬁégF%w¥ﬁ

superi or progess c%ﬂditiqns for formng contact elements in the contact
level 22655unGOhPARRIFySHe Fistaedn skt 3R 1 9 dhe mansistor 260 mpyhres 2gate
schematically illustrates the sem conductor device 200 in a further
advancedmﬁﬁﬁdﬂQﬁﬁﬁpVﬁﬁmﬁﬁﬁééwnﬁE illustrated, contact elenents, 223A may be
provided in the dielectric material 222 and the dielectric material 221 so

as to connect to the circuit 15 elenents 250, i.e., to the netal suicide
regions 254 forned in the crystalline substrate nmaterial 202 within the

devi ce area 2IRAsenSicdidudior Yievide 20NtaGHuBHRNBAIFi223 13, JBY b RIaYd in the
device area 21013 so as to connect to the netafgsuicfg%yredpoﬁ 554&gThe

contigct RsRNENLS, g}%ﬁg%rla%@mg%cgﬁystggeégogg @ﬁt?ﬂqcet B)Z ugﬁgipz'%q%f]ssggggtcﬁ%ﬁéﬁ% riate

manuf acturing strate erein, e superioP phy of
t he di el iC O. mat er.i 222, any_ conpl.ex ocesses, such as
li t hogr a%%&? Vg‘g% t%%frelrﬁnﬁeg t%gb? SS’B%HB?% Ioggvﬁ%dgbanﬁﬁ%telﬁ Pl ARG PREPEEAe Wit h
a conductiv? material , may be acconplished on the basis of superior process
uni f or mi TPV Eegen e SubHite WindRed§Aonay he farmed by agmoving mayrtivotofhave t o
be selected with respect to reducing overall surface topography, as may be
the casdhf RyeErPént(iobrapd en pait epresiate meslety apt eivh dighge, ahdrebyepretdniiakness
that is appropriate for
portions 204D, 203D and, thus, exposing portions of the crystalline substrate material 202
15 within the device area 210A. Depending on the overall process strategy, at least some
components of the circuit elements 250 may be commonly formed with components of the

transistor 260, such as the drain and source regions 262 and the doped regions 252.

After completing the basic configuration of the transistor 260 and the circuit

20 element 250, a device level 220 may be formed, which may comprise any appropriate
dielectric material or materials, for instance in the form of a dielectric material 221, such

as a silicon nitride material, followed by a further dielectric material, which may also be
referred to as an interlayer dielectric material 222, for instance in the form of silicon
dioxide and the like. The materials 221 and 222 may be formed on the basis of any

25 appropriate deposition technique, as is also previously discussed with reference to the

19



25passivating the circuit elenents 260, 250. Consequently, in particular,
the conplex patterning of contact openings nay be conpleted with superior
uniformty. Simlarly, the deposition nay be enhanced and, in particul ar,
the renoval of any excess material by CVMP may be acconplished wth superior
efficiency and uniformty. SFurthernore, in the manufacturing stage shown

i n Fi gur éeve; 1€0.nEpait Heprattingrihé ayaearia 30, conpringegealivignpe@PrRe endi gl ectric
material 231 or a plurality of dielectric materials in conbination with

met al | i desrn2B3Aicaiases Wik Baj be seentass asetbqﬂ&nae%h%%@ér&r@la%&ﬁls itd nes
233B connecting to the contact elenents 223B. Basically, the neta ilzation

llayer 236f mByofamacd! 0oNHLGH Blel QPhES b SsFhSEr tggﬁ&ﬁiic&%féxcﬁpgg\%c%é& In
ereiln, owever

reference to the 10 sem conductor device 100, , a superior
overal | gurfaeed oORRY an [ while at the sane time, a
desired thicknéss’ of fhegﬁgggyﬂgﬁl%g@qéﬁ%?b?ﬁﬁg?ﬁ%??@ﬁé'Wéfgpeﬁ%hggaZSSA,
233B 4qmay_ be ] -ement.ed. That is, to the superior surface topography,
an initia Ietsh@%%i%é%‘hc% %fhtge r?é%‘%%ﬂﬁ}l?égt gboxe |“§fy‘éhé/5t2@@e FHYs e m&fﬂr@ﬁaa%ed,

whi ch na bﬁ sel ected in accordance with design requirenents, rather than
requiri n‘é@é Y P{eVigdaid UpREPT sepplasurfare kapesgphh Godwmaquenslyt aken iepasiting

consi deration the pronounced surface topography as nmay be encountered in
convent i Badicletiameigries22Lanseigubhy tythicandshiiciotessl sach tai ghtiad3BHight t he
metal lines 233A, 233B may he approximately 150 run or less in

sophi st ileatl@d0Hpphy batcacig. wilhie afRtdlebded abiiNakaYath 230 WAL RuHEd on
the basis of process techni ques as di scussed above, wherein, iIn particular

during theafinal planarization 20 process for renoving any excess netal,
such as copper, conductive barrier materials and the like, nmetal residues
may 1@l so be efficiently renoved between the netal |ines 233A in the device
area 210A, without unduly reducing a desired thickness of the netal |ine

233B. Consequently, th raobagbility of creating | eakage paths between the
metal |ines Eﬁ%ﬂei Aot ﬁ@’egﬁwgg’ dtlegraseso Ahayesgmirondeiorc g vieot ARAr witht o
25

conventional, strategies.
planarization maferial 205 formed on the dielectric material 222. The planarization

material 205 may be provided in the form of an organic material, such as polymer
material, resist material and the like, which may be applied in a low viscous state, for
15 instance on the basis of spin-on techniques, thereby providing a highly non-conformal
deposition behavior. Hence, a substantially planarized surface topography 205S may be
obtained upon applying the material 205, thereby providing an increased amount of
material above the device area 210A compared to the device area 210B. It should be
appreciated that many planarization materials are available and may be used as the
20 planarization material 205, wherein, in some illustrative embodiments, material
compositions may be selected that may have a similar etch rate compared to the material
222. To this end, a desired etch recipe may be selected, for instance a plasma assisted etch
recipe, and etch rates of various planarization materials may be efficiently determined by
experiment and may, thus, be selected so as to comply with the etch rate of the dielectric

25 material 222 in view of the etch recipe under consideration. Furthermore, etch parameters



Figure 2e schematically illustrates the sem conductor device 200 in a
manuf acturing stage in which the dielectric material 222 is provided wth
superior surface topography, which may be acconplished, for instance, on
the basis of process techniques as described above. Mreover, in the
enbodi ment shown, prior to formng any contact 5 elenents, a portion of
t he mat efiag|bezplapicd to thebeich ehmveaekistipnssiltel yatcriale QOBj PZX irosrdwi foholRaipar ti on
or the material 221, in order to expose a surface 261S of the gate
el ect r odsinslar uchuate. 26shoufofurthbi 5e QPRSI that SMPAREREES SF A0 I8 BEs,
performed, in which a finally obtained height level 220R as reﬁrlredffor
exposi ngsicheissehaaredBhdity ARY, heSYldh sy eNaNLS YRET L0 nousLal L. Sur face
toBogragﬁy dje to a Eertai% degr eé é?lp %ﬁg?i?ing_e@§b8€§o?d8@§p¥%§yprocess
207. After i Lace ny .appr.opriate process sequence nay
be perf oft{rjr%%&ggf l]ajglg\(t)lrtgrmr?%%#3l %ggggﬁégé&’n%rc Pé afir’é%g?tﬁ% gle%’fne’t“ﬁeh"tj‘éflfatg‘?’é%t rode
structur 1 noaccordance with sophisticated repl acement gate
apprg%cﬁ%%ﬁgé8¥&é§§W%V§?C? @ng%ybwé@g%ﬂ?%ﬁ@”%%@U@%ﬁ?@ﬁQQT”ﬁﬁyﬁe@ﬁﬁbvse a
gate dielectric ha er (not shown) including a high-k dielectric material,
or a pl dE8KEIe? Wéti@rgifeél of Ueidhilisnaprpwiding th clopirerhctemiicd! tehaviohe the ke, 1S
may be efficiently removed on the basis of the exposed surface 261S.

Ther eaf t@pterigll¥bopri ate metal materials, for instance for adj usting a work
function and providing a highly conductive el ectrode material, may be
filled into the resulting opening, thereby providing a high-k netal gate

el ectrode structure for the transistor 260. |a other cast, addltlgnaliy, a
hi gh-k di el eqtigius 20BERIhhAcallPNIRBatkd 1k 8EniddhQud e D @GRl Q8 Ft uct ure
26% 20after ré%ﬁving anpof??%n th%reof Figure“%?gfgﬂ%natlga]fygleﬁd%trates
t he 1devi i 1 ayer. of ductive. eri 261A, for. i nce in
thelgor§§§¥ag%3§%ﬁg%?1%3%@%6 ;mﬁﬁa%%%g%%%yﬂg Dﬁfaﬁnﬁfﬁg?stﬂéggzﬁgggtLve
mat eri al such. as_titapgiumnitride, tantalum tantalunynltrl e an e
o SRt Rl mrA ol it i B poaanBoy snis Biosesh pinerso 06 mey b

[ [ terial 222. An

diel ect rple?fogr?ed as a plasma assi>s/ted etch process, thereby providing a highly directional

material removal, which may, thus, result in a moderately uniform material removal, even
if the etch rates of the materials 205 and 222 may slightly differ from each other. It should
15 be appreciated that a plurality of plasma assisted etch recipes based on fluorine and the
like are available for etching silicon dioxide based materials, wherein the removal rate of
the material 205 may be adjusted so as to be very similar to the removal rate of the
material 222. For instance, the removal rate of the materials 205, 222 may differ by
approximately 30% or less, which may be accomplished by selecting appropriate base
20 materials for the material 205 and/or adjusting the characteristics on the basis of additional
treatments and/or by adjusting process parameters of the etch process 206, as described
above. Consequently, the height level 220H may be obtained in the device area 210A,
which may be very similar to a height level 220B obtained in the device area 210B. In
some illustrative embodiments, the difference between the height levels 220H, 220B may

25 be less than approximately 65% of a difference of the initial height levels 2201 in the area




excess material of the |ayer 261A may then be renoved on the basis of, for
instance, a CVP process, wherein the enhanced surface topography may result
in areliable renoval of the conductive nmaterial in the device area 210A

t hereby avoiding the creation of any | eakage paths, which may be created
upon conpleting a contact |evel of the sem conductor device 200, for

i nst ance” By 87 M2l iadhe aet H0BreHtsbouldHiecdpprayatek thend fofitougprdvbment er i al
222, and whi ch woul d cause | eakage currents in the presence of any nmateri al
resi duesmey behecdmplishe@63 Aor Ganses uetdsharisRRhS aGRLETDST BRIIAGEIERY gat e
approaches may be applied, since a reliable and efficient renoval of the

nat eri al mildGblishing PidtetNendd@y ke, tﬁél%ﬁy gé@%ﬁ‘xﬁ@ﬁfm & sﬁﬁ% xﬁ&}%elg]i’) c%ﬁ tie basis

of the superior sur f ace t opography. 10 ure

[ 1 n 0 fur illustrative
enbodi manry Jenor ARl FOPEH S o 2%?2??@%%@% s begveegﬁlbeﬁ}efallmf ha

i substrate w .

Lclfﬁgegggﬁg F%gmgg%ﬁgP%%nﬂ%é?¥%?:b%aB@PPEHCHQ‘%PB@%@?‘ggglﬁﬁzo%ﬁﬁapplied

v on of th 15 dielectric materia er eby
zgtg?nfﬁggggggﬁpg'ﬁggg%F§Q$8W“F Peng between the height levels in the
areas 210B and 21 QA That is, upon perform ng the polishing process 208,
if desired, the dielectric material 221 may be used as an efficient stop
material so that with increasing process tinme of the process 208 the stop
effect is incCemsewndndihet father ploecssinguhiy by cosimmealonofhe tasis HRt@pdR)r 222
may be reduced in the area 210A, whil e neverthel ess 20eff|C|entIy renDV|ng

mat er i alprocest BendigyiCROr &@an OBadt1dninSs 1@@9%{)mta&th§vél b6 Rl rrg{b l evel
may be reduced to a certain degree. Figure 2h sche

illTugtr nduct or device 200 in a further advanced
nanﬂ?ac?ﬁ??%%ﬁg¥§§§kﬁg which a further dielectric material 224 may be

deposi ted 25during a deposition process 209, which nmay have nore or |ess
pronounced non- conf or nmal deposition behavi or, thereby even further

reduci n the ur f I n one |Ilustrat|ve enbodi nent, the
nateria? 224 ﬁ@yeﬁéfﬁ E%éﬁ)iNhﬁﬁémﬁdh%ﬁ@ﬂ“@ﬁdwh@@d¢@gﬁ20@ueheémﬂmm

material, such as a silicon dioxide material, which may be deposited in a
si ni | ar AuHIsed mesufabIrggsiaget Aisdllwaned @dnte@?@lemfhter B8 may Be providearin
pol i shing process, for instance
the dielectric material 222 and the dielectric material 221 so as to connect to the circuit
15 elements 250, ie., to the metal silicide regions 254 formed in the crystalline substrate
material 202 within the device area 210A. Similarly, a contact element 223B may be
provided in the device area 210B so as to connect to the metal silicide region 264. The
contact elements 223A, 223B may be formed on the basis of any appropriate
manufacturing strategy, wherein, due to the superior surface topography of the dielectric
20 material 222, any complex processes, such as lithography, patterning corresponding
openings and refilling the same with a conductive material, may be accomplished on the
basis of superior process uniformity. For instance, the thickness of the material 222 may

not have to be selected with respect to reducing overall surface topography, as may be the

case In conventional strategies, thereby providing a layer thickness that is appropriate for

[\
w

passivating the circuit elements 260, 250. Consequently, in particular, the complex

o
o



5 based on process paraneters as may al so be used in the polishing process
208 (Figure 2g9), may be applied so as to further reduce the surface

t opography and to obtain, in sonme illustrative enbodi nents, the desired
target thickness, and, thus, height |evel of the contact |evel 220. In
ot her |Ilustrat|ve enbodlnents after further planarizing the material 224

by a pol PalsRELR seiae! opgmpz,gmay bz abinpletevawith BederivaynifemiagyplSiedadg tas to
further enhance the 10 surface topography and the planarization nateri al
may be etlefrstijonasay depmbuicedsing, axphsicaled. the removal Rf Qxha%rxcéslserﬁEﬁﬁtB We
enbodi nents, after depositing the material 224, a furt CVP process nmay

be erfOCﬂE@ 89 basicdomilBhddRIth LRGBS b urface topography,
mhlre 15 atnt e SéﬁEH{I&é |nalﬁ§%ex%§§%ﬁgm§M§gr &HZ of the gate el ectrode

261, as is for instance also illustrated in Figure 211 Consequently, in
this case a replacenent gate approach may be applied on the basis of a

superd or surf Rogr a hy obt.ai ned b or, npre polishing processes
Wi 'Ito han inter ﬁg ]ila e %e %glr?ef%lrﬁa%l*‘m@hsé Sg) PRBER MUt erd wrtallizgeon lagert he

dlelectr mat er.i al 224, result, the present disclosure
provi des %ﬁﬁﬂ?@%%ﬁﬁpﬁ@WPQEﬁﬁFHﬂ%§“?ﬁﬂvﬁﬁéﬁﬁiﬁeamﬁﬁhWUnﬂeﬁﬂ@mm¢a@®uﬂs

t opography caused by substrate wi ndows in SO devices may be reduced upon
form ng & sHtigtonvEdemewst lingse3§dndcnondingttorthdenime cloyiepeDdAnmndgnetal
addi ti onal planarization processes based on an additionally applied

d|eIectrhmwdhpé#mampuﬂﬁsmuheasmampﬂamamsZQBBOHBaﬂbﬁyI@krﬁﬁﬂh&ﬁﬁnﬂﬂ%ﬁ- The
pl anari zati on process nmay conprise an appropriately designed etch process

and/ or @R2INRPr 1Res S CEHQ%]Iaﬁdh 9PRI kb CalseFhe prabb&ea%&“?efme!a@e %8”{h%°fm
| evel may be provided w thout addltlonal | eakage path I nstance when

applyyi n%eﬁfu&ﬁﬂlu%? H@\m‘:e o9& th%peg Orgof a@ld v eﬁ(geoﬁg(y;éldsﬁf%goﬁg!gl%g ia}%gt f. 2»? e

first metallization ayer "GP én
Wi ndow HeESbt % W&lj hv%u{ g? éége %%%% Iagsire th1cmle§:sl§% %hse n?gteltlet]l 23rlmefn§l‘| tlhlusz a(;[f Hon
| ayer above Fanst & X
the metal lines 233A, 233B may be implemented. That is, due to the superior surface
topography, an initial thickness of the metallization layer 230 may be implemented, which
may be selected in accordance with design requirements, rather than requiring an
15 additional extra thickness in order to take into consideration the pronounced surface
topography as may be encountered in conventional strategies. Consequently, a thickness
or height 233T of the metal lines 233A, 233B may be approximately 150 nm or less in
sophisticated applications. The metallization layer 230 may be formed on the basis of
process techniques as discussed above, wherein, in particular during the final planarization
20 process for removing any excess metal, such as copper, conductive barrier materials and
the like, metal residues may also be efficiently removed between the metal lines 233A in
the device area 210A, without unduly reducing a desired thickness of the metal line 233B.
Consequently, the probability of creating leakage paths between the metal lines 233A in
the device area 210A may be reduced compared to conventional strategies.

25
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The particular enbodinents disclosed above are illustrative only, as the
invention may be nodified and practiced in different but equival ent nmanners
apparent to those skilled in the art having the benefit of the teachings
herein. For exanple, the process steps 10 set forth above may be perforned
inadifferent order. Furthernore, no limtations are intended to the
details of coﬁﬁ%?%c%@oﬁmémﬁ@@éngHh@ﬁéﬁntbmommﬁmuwnenrthanuasmﬂEsmrgbed in
the clains below It is therefore evident that the particular enbodi nments
di scl osethaabiaverinpylapeimivhiehelk diclarnii hiedaland iaploveivg viafub&td A0S @ e
considered within the scope and spirit of the invention. Accordingly, th

e
pr ot ect i @pog@YBNtwikleR ﬁiagge%cé’&nﬁﬁhea,oﬂ’& hhstaRled t&g tﬂ%ﬁe{éﬂ n(gﬁﬁ'g%sgg%ﬁ%?il QMG 1.

A nmet hod of form ng an sem conduct or devic sing:

[ i akbli rate material of said SO device;
Form ng & oot ol vy ot “arreare el EreRaT iR o (R i Jad iRl i Sohettne
rmng a transistor in a

crystallj bstrate nmaterial. . for . In. .
se)r/n' csgnd%lgI 8‘%1 4 %lr%ogfo Wa’%&%l semisi8mauErgred avistaly l%é?fab@é%‘?beHBgct or ;
| ayer being forned above said crystalline substrate material and a burie
| nsul at i #G PRy meteral 251, n st gctpony el wekes CoHatdrhalganboversla d
plurality of circuit elenents and said transistor;.lofornlng.a o
pl anar i ZB{HCBHC Al -eFprathisaonase salC ¥R bekes 2OV caydegrifatmed, in whichpl fwdlyi zi ng
said dielectric material by removing at least a portion of said _
pl anari zattaioed hreighy ieadl 2208, at ré@ast for paiokingnh®fursat d6Us emBEtEug iFBLeri al
in a common pl anarization process; and
even superior overall surface topography due to a certain degree of planarizing effect of
10 the process 207. After exposing the surface 2618, any appropriate process sequence may
be performed so as to replace one or more materials of the gate electrode structure 261, in
accordance with sophisticated replacement gate approaches. For example, the gate
electrode structure 261 may comprise a gate dielectric layer (not shown) including a high-
k dielectric material, or a placeholder material, such as a polysilicon material and the like,
15 may be efficiently removed on the basis of the exposed surface 2618. Thereafter,
appropriate metal materials, for instance for adjusting a work function and providing a
highly conductive electrode material, may be filled into the resulting opening, thereby
providing a high-k metal gate electrode structure for the transistor 260. In other cases,

additionally, a high-k dielectric material may be filled into the gate electrode structure 261

20 after removing a portion thereof.

Figure 2f schematically illustrates the device 200 with a layer of conductive
material 261A, for instance in the form of aluminum, possibly in combination with other
conductive materials, such as titanium nitride, tantalum, tantalum nitride and the like,

25  formed within the gate electrode structure 261 and on the dielectric material 222. Any



form ng contact elenents in said planarized dielectric materi al

connect to said 15transistor and said plurality of circuit elenents.

2. The nethod of claim1l1l, wherein planarizing said dielectric,

conprises perfornmng an etch process. _ _
perform ng an etch process conprises performng a plasm assisted etch

Sso as to

mat eri al
203. The nethod of claim?2, wherein

process. SACCPhEAEtahOf st lageral GhA maywkiberebn rdnarveil g thaibesiplotir @t iitsyanod, i r cui t

el enent s

conprises form ng one or nore PN junctions of a substrate

di ode i nCH4P grqvoss, mdwread tieainta®Bd sysh@l opaigasiybsaty adsalt RLaEIidle removal

The method of claim1, _ _ _ ( t ! !
above sabfltpl @ndndzednslbedl8e ihd Geidl RE4 8l oA WASLE) Av&ifind tH%E%%.ii]érF@f !EI
has a thickness of approximately 150 nin or | : e ne

€ss.

5.

further conprising formng a netallization |ayer

| ayer

od of

claiml, 1e%lé£ge*}%!&gﬁ39/mhixﬁei t Orc%;a?%g&&% c%lﬁg?é?ing‘égc%gtcI&&%{ﬁlgg‘gﬁ@{sﬁ el {1({13(?1?3' |

structure of sal

7.
of

rz

transi rplan:

further co

ing replacing at |east a portion

-SI_;S? dng%\{}ged%ﬁéefc@ gélsggmng} rlf}’clﬁmnén%/\nc?fl‘qrfgél TeR S ovfhigh inig celead thigagh st eri al .
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material 222, and which would cause leakage currents in the presence of any material
residues of the layer 261A. Consequently, sophisticated replacement gate approaches may
be applied, since a reliable and efficient removal of the materials 261 A within the device

area 210A may be accomplished on the basis of the superior surface topography.

Figure 2g schematically illustrates the semiconductor device 200 according to
further illustrative embodiments in which the dielectric material 222 may be provided with
a thickness so as to reliably fill the substrate window 210A, as indicated by the dashed line
222R. Thereafter, a polishing process 208 may be applied so as to remove a portion of the
dielectric material 222, thereby obtaining a certain degree of leveling between the height
levels in the areas 210B and 210A. That is, upon performing the polishing process 208, if
desired, the dielectric material 221 may be used as an efficient stop matertal so that with
increasing process time of the process 208 the stop effect is increased and, thus, the
resulting removal of the material 222 may be reduced in the area 210A, while nevertheless
efficiently removing material in the device area 210B. In this manner, the initial height

level may be reduced to a certain degree.

Figure 2h schematically illustrates the semiconductor device 200 in a further
advanced manufacturing stage in which a further dielectric material 224 may be deposited

during a deposition process 209, which may have more or less pronounced non-conformal
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8. The method of claim®6, wherein said gate el ectrode structure

is formed on the basis of a target gate length of 40 nmor |ess. .
The nethod of claim 7, further conprising formng a second dielectric

mat eri al

el ectrode structure conprising said netal -containing el ectrode materi al

15 above said planarized dielectric material and above said gate

9.

and

form ng denaditioanbeleics] dreesiyscvan Sailer diedhadog nhe smidcer iopbgrapie). sandogecond

dielectric materi al .

10. A nmethod of forming an SO sen conductor
devi ce, ghisttatinet érobodimept it M@terid0BXPasyNg: GroPRIEY 119 heOfor@d &F a}ﬁsfn@érla&&e

substrate material in a first device area of said sem conductor device by
renovi ngdiales @0 HOBAMC ERh aﬂs%&éﬂfcoﬁ'@ﬁoﬁd@&gte 1, LR tﬁ&}}dﬁefgflérpgs%ﬁ?%i inf A, first

devi ce area; f .4 ) ; ; . .
2219 erbehndtcs BOMBLCATRLLAL9,2 MRS L A h IR e S8k S B of ¢

said crystalline su

ormng a substrate diode In sai

strate mat érial

at or’ al Cpo0R PEREL 148 SSHE b vt GolargHang process 208 (Figure 3g),
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may be applied so as to further reduce the surface topography and to obtain, in some
illustrative embodiments, the desired target thickness, and, thus, height level of the contact
level 220. In other illustrative embodiments, after further planarizing the material 224 by
a polishing process, a planarization material may be applied so as to further enhance the
surface topography and the planarization material may be etched, as is previously

explained.

In other illustrative embodiments, after depositing the material 224, a further CMP
process may be performed so as to further planarize the overall surface topography, while
at the same time finally exposing a surface of the gate electrode 261, as is for instance also
illustrated in Figure 2. Consequently, in this case a replacement gate approach may be
applied on the basis of a superior surface topography obtained by two or more polishing
processes with an intermediate deposition of the dielectric material, such as the dielectric

material 224,

As a result, the present disclosure provides manufacturing techniques in which the
pronounced surface topography caused by substrate windows in SOI devices may be
reduced upon forming a contact level of the semiconductor device by performing
additional planarization processes based on an additionally applied dielectric material,

such as a planarization material and the like. The planarization process may comprise an

evi ce ar ea,

in a second device area; formng a first dielectric



performng a polishing process so as to renove a portion of said first
dielectric material; formng a second dielectric nmaterial above said -first
dielectric material; and 29 planarizmg a surface topography above
said first and second device areas by renoving at IFast a p?rtlon Oiezgldl
[ nd secand dielectric materials in a comon planarization pro :
1|‘ | .risr}]eangf’PfBHgi’)tFlyc Assigedocta atratess sindior za fgVIB aprdceser f abes, tiopoghapibyted
conprises performng an etch process. 12.The nethod of claim 11, wherein
form ng Q@ﬂdﬂﬁembﬁbedbehechwﬂcnmaﬂﬂwmekmdmpﬁh&esﬂﬂ@%ﬁmn@aa%ﬁl &, ifgat i on
material above said first dielectric material. 1013. The nethod of claim 10,
wher ei n plsemae vdiengppBir & tipfRe@et 0RRIRARBYCIC BNPhLS 85y REES QETING 7 (Second
pol i shing process.
first metallization layer may be efficiently removed within the substrate window area

5 without unduly reducing the thickness of the metallization layer above transistor areas.

The particular embodiments disclosed above are illustrative only, as the invention
may be modified and practiced in different but equivalent manners apparent to those
skilled in the art having the benefit of the teachings herein. For example, the process steps

10 set forth above may be performed in a different order. Furthermore, no limitations are
intended to the details of construction or design herein shown, other than as described in
the claims below. It is therefore evident that the particular embodiments disclosed above
may be altered or modified and all such variations are considered within the scope and
spirit of the invention. Accordingly, the protection sought herein is as set forth in the

15  claims below.



14. The method of claim 13, further conprising formng a third dielectric
mat eri al above said first and second device areas after said second
pol i shing process and performng a 15third polishing process. 15.
The nethod of claim 10, wherein performng a polishing process so as to
rennve(ahngwsion of said first dielectric material conprises exposing a top
surface of a gate el ectrode structure of said circuit elenent. 20

16. The net hOd of I%l IOEPO%%OIIHIH%%IP em On Ug@?ﬁ%\ag ﬁgﬁ‘t Ig%hgg ggﬁtl%lléﬁqn Of sai d

gate el ectrode structure : 2 e LK 1o furth
| anari zi ng sai d surface topography, 517 e nethod of claim urt her
(F:)orrpr i Si nggfeSP‘i’ﬁ“?"gga BYHPRSE aéTYéWﬂHtGSSUB%Uallf'e@@‘le“ﬁ]rpf§aidog@li qeyicedi el ectric
material so as to connect to said PN junction and said circuit el enent,
r es pecti vel )formimg arhleratey hddeiofuitctlamentd 7p  dhidr thersed gopidns b ghef OfyBianige a _
11iz r above said contact elenents, wherein said netallization
Iay ﬁ%@f§8@ﬁ al lines having a thickness of approxinately 150 nm or

| ess. 519 A met hod, conpri sing:
forming a transistor in a semiconductor layer of said SOI semiconductor device, said

semiconductor layer being formed above said crystalline substrate material and a buried

insulating layer;
forming a dielectric material above said plurality of circuit elements and said transistor;
10 forming a planarization material above said dielectric material;

planarizing said dielectric material by removing at least a portion of said planarization
material and at least a portion of said dielectric material in a common planarization process;

and

forming contact elements in said planarized dielectric material so as to connect to said

15  transistor and said plurality of circuit elements.

2. The method of claim 1, wherein planarizing said dielectric material comprises

performing an etch process.

20 3. The method of claim 2, wherein performing an etch process comprises

performing a plasma assisted etch process.

4. The method of claim 1, wherein forming said plurality of circuit elements
comprises forming one or more PN junctions of a substrate diode in said portion of said

25  crystalline substrate material.

28



commonly formng drain and source regions of a transistor in a

sem conduct or | ayer of a sem conductor device and a PN junction in a .
portion of a crystalline substrate material, said sem conductor |ayer being
formed on a buried insulating |ayer that is fornmed above said crystalline

substrate mat eri athe nlQR&T HF MGndl, jlﬁh&%ﬁﬁaﬁsm‘gtfﬁﬁﬂiﬁé a RO BzR8h hylf AREST OF
and said portion of said crystalline subStrate material; “forming a
pl anar isgigt plonatizedediclsatrsamdtediabl wbeteine saidt wetabizaddoVeyes diad ¢ rthinkicss orf and

said portion,. . i reduci ng a surface topography by performng
an etgﬁkgfggggggggogglg&e%ﬁnnve a por?ion 150f said dielectric material and
said planarization [ayer. 20.The nethod of claim 19, further conprising
forming a netallization |ayer above said dielectric material having said
reduced surface topography, wherein said netallization |ayer conprises
met &l | i nes thavi Ageantthod khieksnalf, faplpn axinpatalyexpblngrnopsulfassol 2Q0ate

21. Th h | ai m 19, .wherei i.d N f said dielectric
nateri%Fgﬁhﬁggﬁghugpg%ga%ﬁﬁ?$gﬁﬁﬁg§@igé?@fg%%%@gﬁgﬁﬁggﬁﬂﬁnnon etch process.

7. The method of claim 6, further comprising replacing at least a portion of said

gate electrode structure with a metal-containing electrode material.

10

8. The method of claim 6, wherein said gate electrode structure is formed on the

basis of a target gate length of 40 nm or less.

9. The method of claim 7, further comprising forming a second dielectric material
15  above said planarized dielectric material and above said gate electrode structure comprising
said metal-containing electrode material and forming said contact elements in said dielectric

material and said second dielectric material.

10. A method of forming an SOI semiconductor device, said method comprising:

20 exposing a portion of a crystalline substrate material in a first device area of said
semiconductor device by removing a semiconductor layer and a buried insulating layer in said

first device area;

forming a substrate diode in said first device area, said substrate diode comprising a PN

junction formed in said portion of said crystalline substrate material;

25 forming a circuit element in said semiconductor layer in a second device area;

forming a first dielectric material above said first and second device areas;
performing a polishing process so as to remove a portion of said first dielectric material;
forming a second dielectric material above said first dielectric material; and

29



22. A sem conductor device fornmed by the nethod of any one of the
preceedi ng 25cl ai ns.
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planarizing a surface topography above said first and second device areas by removing

at least a portion of said first and second dielectric materials in a common planarization process.

11. The method of claim 10, wherein planarizing said surface topography comprises

performing an eich process.

12. The method of claim 11, wherein forming said second dielectric material

comprises forming a planarization material above said first dielectric material.

13. The method of claim 10, wherein planarizing said surface topography comprises

performing a second polishing process.

14. The method of claim 13, further comprising forming a third dielectric material
above said first and second device areas after said second polishing process and performing a

third polishing process.

15. The method of claim 10, wherein performing a polishing process so as to
remove a portion of said first dielectric material comprises exposing a top surface of a gate

electrode structure of said circuit element.

16. The method of claim 15, further comprising replacing a portion of said gate
clectrode structure by a conductive electrode material after planarizing said surface

topography.

17. The method of claim 10, further comprising forming contact elements at least
in said first dielectric material so as to connect to said PN junction and said circuit element,

respectively.
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18. The method of claim 17, further comprising forming a metallization layer above
said contact elements, wherein said metallization layer comprises metal lines having a

thickness of approximately 150 nm or less.

19. A method, comprising:

commonly forming drain and source regions of a transistor in a semiconductor layer of
a semiconductor device and a PN junction in a portion of a crystalline substrate material, said
semiconductor layer being formed on a buried insulating layer that is formed above said

crystalline substrate material;

forming a dielectric material above said transistor and said portion of said crystalline
substrate material;
forming a planarization layer on said dielectric material above said transistor and said

portion; and

reducing a surface topography by performing an etch process so as to remove a portion

of said dielectric material and said planarization layer.

20. The method of claim 19, further comprising forming a metallization layer above
said dielectric material having said reduced surface topography, wherein said metallization

layer comprises metal lines having a thickness of approximately 150 nm or less.

21. The method of claim 19, wherein said portion of said dielectric material and

said planarization layer are removed in a common etch process.

22. A semiconductor device formed by the method of any one of the preceeding

claims.
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